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(54) SEMICONDUCTOR SINGLE CRYSTAL AND PRODUCTION THEREOF 

{57)Abstract 

PURPOSE: To produce a silicon single crystal excellent in the dielectric strength of an insulating oxidized film by the 
Czochralski method. 

CONSTITUTION: In a process for producing a silicon single crystal by the Czochralski method, a silicon single crystal is allowed 
to stay in the temp, range of 1,200-850° C for >200min in a crystal producing furnace. The resultant silicon single crystal is 
excellent in the dielectric strength of an insulating oxidized film and the ratio of C-mode passing of the dielectric strength is > 
60% per one wafer. 
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(54) SEMICONDUCTOR SINGLE CRYSTAL AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To produce a silicon single crystal excellent in the dielectric strength of an Insulating oxidized film by the 
Czochralski method. 

CONSTITUTION: In a process for producing a silicon single crystal by the Czochralski method, a silicon single crystal is 
allowed to stay in the temp, range of 1 ,200-850°C for ^200mln in a crystal producing furnace. The resultant silicon single 
crystal is excellent in the dielectric strength of an insulating oxidized film and the ratio of C-mode passing of the dielectric 
strength is ^60% per one wafer. 
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» NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of th.is translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words arc not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semi-conductor single crystal characterized by making a 1200 degrees C - 850 degrees C 
temperature region stay 200 minutes or more in a crystal manufacture furnace in the process in which a silicon single crystal is 
manufactured with the Czochrlski method. 

[Claim 2] It is the silicon single crystal manufactured by the approach of claim 1. The upper layer Aluminum, Many MOS diodes 
which have a two-layer gate electrojde with a diameter of 5mm which consists of polycrystalline silicon with which the lower layer 
was doped are mounted in the silicon wafer cut down from this silicon single crystal. [ when the polar direct current voltage into which 
a majority carrier is poured from substrate silicon is impressed to each MOS diode and the electrical-potential-difference run ping 
method estimates the withstand voltage property of the insulating oxide film of said wafer ] The current density which flows through 
an oxide film is A/cm2 1 micrometer. Semi-conductor single crystal which was excellent in the withstand voltage property of the 
insulating oxide film characterized by the percentage to the total of the number of the MOS diode which the average electric field . 
concerning this oxide film at the time show 8.0 or more MV/cm being 60% or more per one wafer. 



[Translation done.] 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the silicon single crystal which was excellent in the withstand voltage property 
(henceforth, oxide-fLlm proof pressure) of the insulating oxide film manufactured by the Czochrlski method (the following, CZ 
process), and its manufacturing method. 
[0002] 

[Description of the Prior Art] Since CZ silicon single crystal has the description which was [ be / crystal reinforcement / high ] 
excellent, it is widely used as an ingredient for LSI from before. However, it is known that oxide-film pressure-proofing of a silicon 
single crystal changes greatly with fundamental differences in the manufacture approach, and oxide-film pressure-proofing of CZ 
silicon single crystal is remarkably low compared with it of a wafer which carried out epitaxial growth of the silicon thin film on the 
silicon single crystal manufactured by the floating zone method, or CZ silicon wafer. However, the place where improvement in 
dependability of gate oxide is desired strongly came with increase of an MOS device degree of integration in recent years, and since 
oxide-film pressure-proofing was one of the important material properties which determines the dependability, importance was 
attached to manufacturing-technology development of CZ silicon single crystal which was excellent in the oxide-film proof-pressure 
property. 

[0003] The approach characterized by making the rate of crystal growth into the following by 0.8Tnm/in the approach of 
manufacturing a silicon single crystal with a diameter of 100mm or more by the CZ process to JP,2-2671695,A, as the manufacture 
approach of CZ silicon single crystal which was excellent in oxide-film pressure-proofing is indicated. However, by this approach, 
since productivity was low, it was not practical. Therefore, although the method of manufacturing CZ silicon crystal which was 
excellent in oxide-film pressure-proofing was needed while the crystal manufacture rate had been a part for 1.2mm/as usual, such 
[ conventionally ] an approach did not exist. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at offering a good silicon single crystal and its manufacture approach 

for the oxide-film pressure-proofing manufactured by the CZ process. 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a 1 200 degrees C - 850 degrees C temperature region 
is made to stay 200 minutes or more in a crystal manufacture furnace in the process in which a silicon single crystal is manufactured 
with the Czochrlski method, in this invention. 

[0006] Moreover, the silicon single crystal manufactured by the approach of this invention Many MOS diodes which have the two- 
layer gate electrode with a diameter of 5mm with which the upper layer consists of polycrystalline silicon with which aluminum and a 
lower layer were doped are mounted in the silicon wafer cut down fi-om this silicon single crystal. [ when the polar direct current 
voltage into which a majority carrier is poured ft-om substrate silicon is impressed to each MOS diode and the electrical-potential- 
difference run ping method estimates the withstand voltage property of the insulating oxide film of said wafer ] The current density 
which flows through an oxide film is lmicroA/cm2. It is the silicon single crystal excellent in oxide-film pressure-proofing [ as / 
whose percentage to the total of the number of the MOS diode which the average electric field conceming this oxide film at the time 
show 8.0 or more MV/cm is 60% or more per one wafer ]. 
[0007] 

[Function] Hereafter, this invention is explained, using a graph. In case drawing 1 evaluates oxide-film pressure-proofing of the silicon 
single crystal obtained by the manufacture approach of this invention, it is the cross section of the MOS diode mounted on the silicon 
wafer, and the oxidation silicon film 2 is formed in on the silicon wafer 1, and the two-layer gate electrode 5 witii a diameter of 5mm 
with which the upper layer consists of aluminum 3 and polycrystalline silicon 4 with which the lower layer was doped is formed on it. 
[0008] Next, Table 1 explains the evaluation means about tfie oxide-film proof-pressure property in the silicon single crystal obtained 
by the manufacture approach of this invention. 
[0009] 
[Table 1] 
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[0010] CZ silicon ingot is sliced first, and wrapping, polishing, etc. wash the wafer pass many processes required in order to 
manufacture the usual silicon wafer industrially, perform (1) and gate oxidation, form the oxidation silicon film, and (2) and the 
polycrystalline silicon film are made to deposit, and an ion implantation is carried out to (3) and this polycrystalline silicon, and it 
dopes (6). Front [ oxidation ] washing (4) and oxidation (5) of polycrystalline silicon are pretreatments of an ion implantation (6). 
Subsequently, washing (7) before annealing is performed, the dopant in polycrystalline silicon is dissolution-ized, etching removal of 
(8) and the polycrystalline silicon film is carried out, (9) and aluminum are vapor-deposited, and an aluminum layer is formed (10). 
Next, since a two-layer gate electrode with a diameter of 5mm is mounted, the coat of the POJIREJISUTO film is carried out with 
lithography (11), after carrying out patterning, the aluminum film is etched, (12) and the polycrystalline silicon film are etched, and 
(13) and the resist film are removed (14). And after stabilizing silicon / oxidization silicon film interface by hydrogen annealing, the 
resist film is applied to (15) and a front face, an MOS diode is protected, and (16) and plasma etching remove the rear-face 
polycrystalline silicon film (17). The resist film for protection is re-applied to a front face, etching removes (1 8) and a rear-face oxide 
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film, in the case of (19) and p mold, gold is vapor-deposited, in the case of n mold, gold and a regulus metal are vapor-deposited, and a 
rear-face electrode is formed (20). Finally, after removing the resist film for protection, the (21) electrical -potential-difference run ping 
method estimates an oxide-film proof-pressure property (22). The electrical-potential-difference run ping method is an approach to 
which impress the polar direct current voltage into which a majority carrier is poured from substrate silicon between the aluminum 
layer 3 and a rear- face electrode, and the electrical potential difference is made to increase in the shape of a step to time amount in 
drawing 1 . The current density which uses the increment in an electrical potential difference per 1 SUTTEPPU of this electrical- 
potential-difference run ping method as 0.25 MV/cm, uses the holding time as 200ms / step by electric-field conversion, and flows 
through the oxidation silicon film 2 in drawing 1 in this invention is. 1 ,0microA/cm2. When becoming, the average electric field 
concerning the oxidation silicon film 2 evaluated oxide-film pressure-proofing of a silicon single crystal by the rate (this is called C 
mode ratio) to the total of the number of the MOS diode in which 8.0 or more MV/cm is shown. When this C mode ratio is 60% or 
more, it is said that oxide-film pressure-proofing is good. 

[001 1] In the silicon single crystal manufactured by the CZ process, the minute oxygen sludge formed in the middle of manufacture 
exists, this minute oxygen sludge exists in a crystal fi-ont face, and is incorporated by the oxide film at the time of gate oxide formation 
- it is — it is ~ if that part is incorporated, diat part will cause dielectric breakdown in 8 or less MV/cm, and a C mode ratio will be 
reduced. 

[0012] this invention persons discovered that relation like the next between formation of the minute oxygen sludge cooling conditions 
and leading to dielectric breakdown was, as a result of investigating in a detail the cooling conditions under training of the crystal 
which has various oxide-film proof-pressure properties. That is, in the training process of the silicon single crystal by the CZ process, 
the generating nucleus of a minute oxygen sludge is introduced by the pyrosphere fi-om the melting point to 1300 degrees C. In a 1300 
degrees C - 1200 degrees C temperature region, the generating nucleus of this minute oxygen sludge is formed. In a 1200 degrees C - 
850 degrees C temperature region, the generating nucleus of this minute precipitation of oxygen decomposes conversely, and a 
consistency decreases, a temperature region 850 degrees C or less ~ a generating nucleus ~ a core — ** — it carries out, precipitation 
of oxygen advances, and it grows up as a minute oxygen sludge. 

[0013] The consistency of this minute oxygen sludge is 1x105. An individual / cm3 In being the following, even if this minute oxygen 
sludge exists in the gate oxide formation field of a wafer maximum front face, it does not have a bad influence on oxide-film pressure- 
proofing. Therefore, for the silicon single crystal which has good oxide-film pressure-proofing, the minute oxygen sludge which has*a 
bad influence on pressure-proofing is 1 x 1 05. An individual / cm3 They are the following cases. 

[0014] Since CZ silicon single crystal manufactured by the usual approach has the short residence time of a 1200 degrees C - 850 
degrees C temperature region, it cannot fully decompose the generating nucleus of the minute oxygen sludge formed at 1300 degrees 
C - 1200 degrees C. Therefore, 1x105 An individual / cm3 The above minute oxygen sludge existed and it had become the cause of 
reducing the C mode ratio of oxide-film pressure-proofing. 

[0015] On the other hand, the silicon single crystal which has good oxide-film pressure-proofing can be manufactured by making a 
1 200 degrees C - 850 degrees C temperature region stay 200 minutes or more in a crystal manufacture furnace in the process in which 
a silicon single crystal is manufactured by the CZ process. The C mode ratio of oxide-film pressure-proofing of CZ silicon single 
crystal manufactured by this approach does not call at a crystal part, but is 60% or more and has good oxide-film pressure-proofing. 
[0016] 

[Example] Although the example of this invention is given and explained below, it cannot be overemphasized that this invention is not 
what is restricted by the publication of these examples. In addition, evaluation of oxide-film pressure-proofing was performed as 
mentioned above by asking for a C mode ratio according to the process of Table 1 . 

[0017] The single crystal manufacturing installation used for example 1 this invention is not limited especially if usually used for the 
silicon single crystal manufacture by the CZ process, and by this example, the manufacturing installation as shown in drawing 2 was 
used for it. Heating chamber 1 2a in which, as for this CZ process silicon single crystal manufacturing installation 1 1 , the structure for 
sihcon melting is held. It has the chamber 12 which consists of pull-up chamber 12b which holds the raised silicon single crystal ingot 
S which is separated and connected by the separation mechanism 30. The crucible 15 which consisted of quartz crucible 1 5b and 
crucible 15made fi-om graphite a which protects this in heating chamber 12a, The heating heater 16 arranged so that the lateral portion 
of this crucible 15 may be surrounded. In order to prevent that the heat fi-om the heating heater 16 escapes to the heating chamber 12a 
exterior, the heat insulation member 21 is arranged. This crucible 15 In order to compensate with a silicon melt oil level falling with 
reduction of the silicon melt in a crucible 15, you make it go up and down a crucible 15, while the rotation fixture 14 connects with the 
driving gear which is not illustrated and rotating at the rate of predetermined with this driving gear. In pull-up chamber 12b, it pulls 
up, a wire 17 is installed and the chuck 19 holding seed crystal 18 which hung the inside of a chamber is formed in the lower limit of 
this wire. The upper limit side of this pull-up wire 1 7 is rolled round by the wire loop wheel machine 20, and the pull-up equipment 
which came to pull up a silicon single crystal ingot is formed. And in a chamber 12, Ar gas is introduced fi-om the gas inlet 22 formed 
in pull-up chamber 12b, the inside of heating chamber 12a is circulated uniformly, and it is discharged from the effluence-of-gas 
opening 23. Thus, Ar gas is made to flow out for making it not make SiO generated in a chamber in connection with melting of silicon 
mix in silicon melt. 

[001 8] This equipment was used and the silicon single crystal was raised on condition that the following. 

raw material melt weight: — 45kg crystal training rate: — residence-time [ of 1.2 mm/mini 200 degree-C - 850 degree-C temperature 

region ]: — the silicon single crystal ingot raised on this condition for 210 minutes is as follows. 

Conduction type: p mold (boron dope) 

The diameter of a crystal: For 6 inches (160mm) 

resistivity: - 10 ohm-cm oxygen density: — 7.5 to 7.8x1017 atoms/cc (it computes using the oxygen density conversion factor by 
Japan Electronic Industry Development Association) 

Carbon concentration: < 1.0x1 01 7atoms/cc (it computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association) 

Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was shown in Table 2. For the result of Table 

2, each C mode ratio of oxide-film pressure-proofing of these silicon wafers is 60% or more, and the wafer cut down from the silicon 

ingot manufactured by the approach of this invention shows that it has good oxide-film pressure-proofing. 

[0019] The silicon single crystal was raised on condition that the following using the equipment of example 2 example 1 . 

raw material melt weight: - 45kg crystal training rate: - residence-time [ of 1.5 mm/mini 200 degree-C - 850 degree-C temperature 

region ]: - the silicon single crystal ingot raised on this condition for 400 minutes is as follows. 

Conduction type: n mold (P dope) 

The diameter of a crystal: For 6 inches (160mm) 

resistivity: - 2 ohm-cm oxygen density: - 9.8 to 10.0x1017 atoms/cc (it computes using the oxygen density conversion factor by 
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Japan Electronic Industry Development Association) 

Carbon concentration: < 1.0x1 01 7atoms/cc (it computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association) 

Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was shown in Table 2. The wafer cut down 
from the silicon ingot by which each C mode ratio of oxide-fllm pressure-proofing of these silicon wafers is 60% or more, and the 
result of Table 2 was manufactured by the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0020] The silicon single crystal was manufactured on condition that the following using the equipment of example of comparison 1 
example 1 . 

raw material melt weight: — 45kg crystal training rate: ~ residence-time [ of 1 .2 mm/mini 200 degree-C - 850 degree-C temperature 

region ]: — the silicon single crystal ingot raised on this condition for 190 minutes is as follows. 

Conduction type: p mold (boron dope) 

TTie diameter of a crystal: For 6 inches ( 1 60mm) 

resistivity: — 10 ohm-cm oxygen density: — 7.5 to 7.8x1017 atoms/cc (it computes using the oxygen density conversion factor by 
Japan Electronic Industry Development Association) 

Carbon concentration: < 1.0x1 01 7atoms/cc (it computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association) 

Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was shown in Table 2 according to the 
example 1 and the example 2. Each C mode ratio of oxide-film pressure-proofing of these silicon wafers is less than 60%, and the 
result of Table 2 shows that oxide-film pressure-proofing is not excellent. 

[0021] The silicon single crystal was raised on condition that the following using the equipment of example of comparison 2 example 
1. 

raw material melt weight: - 45kg crystal training rate: ~ residence-time [ of 1.5 mm/mini 200 degree-C - 850 degree-C temperature 

region ]: - the silicon single crystal ingot raised on this condition for 100 minutes is as follows. 

Conduction type: n mold (P dope) 

The diameter of a crystal: For 6 inches (160mm) 

resistivity: - 2 ohm-cm oxygen density: — 9.8 to 10.0x1017 atoms/cc (it computes using the oxygen density conversion factor by 
Japan Electronic Industry Development Association) 

Carbon concentration: <1 .Ox 1 017atoms/cc (it computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association) 

Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was shown in Table 2 according to the 
example 1, the example 2, and the example 1 of a comparison. For the result of Table 2, each C mode ratio of oxide-film pressure- 
proofing of these silicon wafers is less than 60%, and it is shown that oxide-film pressure-proofing is not excellent. 
[0022] 
[Table 2] 
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[0023] 

[Effect of the Invention] Since the silicon single crystal of this invention or the silicon single crystal by the manufacture approach of 
this invention has good oxide film pressure-proofing, its dependability of gate oxide is high and it fits the wafer for MOS devices. 
[0024] 



[Translation done.] 



http://www4jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/13/2006 



JP,07-041383,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCZPZ are not: responsible for any 
daiaages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] some MOS diodes mounted in order to evaluate the withstand voltage property of the insulating oxide film of the silicon 
single crystal obtained by ** and the manufacture approach of this invention - it is a sectional view. 

Prawing 21 It is the schematic diagram of a CZ process silicon single crystal manufacturing installation used for the example of ** 
and this invention. 
[Description of Notations] 

1 - Silicon single crystal, 2 - An insulating oxide film, 3 -- Aluminum film, 4 [ 12 - A chamber 12a - Heating chamber, ] - 
Polycrystalline silicon, 5 - A two-layer gate electrode, 1 1 - CZ process silicon single crystal manufacturing installation 12b - A pull- 
up chamber, 14 ~ Revolving shaft, 15 - A crucible, 15a - The crucible made from a graphite, 15b - A quartz crucible, 16 - Heating 
heater, 17 - A wire, 19 - Chuck 20 [ 22 / 30 - Separation mechanism. / - A gas inlet, 23 - Effluence-of-gas opening ] - A wire loop 
wheel machine, 21 - Heat insulation member 

[Translation done.] 
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[Translation done.] 



htlp://vvww4apdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2/13/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LACK BORDERS 



